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Analgesics are among the most commonly used drugs worldwide for pain management. 

However, their potential for hepatotoxicity remains a critical concern, especially given 

the liver’s role in drug metabolism and detoxification. This review explores the 

comparative hepatotoxicity of various classes of analgesics, including acetaminophen, 

NSAIDs, opioids, and COX-2 inhibitors. Acetaminophen is highlighted as the most 

common cause of drug-induced liver injury (DILI), particularly in cases of overdose due 

to the accumulation of the toxic metabolite NAPQI. NSAIDs, although less hepatotoxic, 

exhibit idiosyncratic liver reactions, while opioids, despite minimal direct 

hepatotoxicity, impose a significant metabolic burden on the liver in chronic users. 

COX-2 inhibitors offer a safer profile but require caution in patients with pre-existing 

liver conditions. Risk factors such as dosage, duration, polypharmacy, and individual 

susceptibility are also discussed. Preventative strategies, including adherence to dosage 

guidelines, regular liver function monitoring, and the development of safer analgesics, 

are emphasized. Research gaps, including the need for longitudinal studies and the 

exploration of personalized therapeutic approaches, are identified as future directions. 

This review underscores the need for balanced pain management strategies to mitigate 

hepatotoxic risks while ensuring analgesic efficacy. 
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INTRODUCTION 

Hepatotoxicity refers to the potential of certain 

drugs and substances to cause damage to the liver, 

an organ critical for metabolism, detoxification, 

and biochemical homeostasis. The liver plays a 

central role in the metabolism of most 

medications, including analgesics, which are drugs 

commonly prescribed or purchased over the 

counter to relieve pain and reduce fever or 

inflammation. While analgesics are widely used 

and generally considered safe when used within 

recommended dosages, their inappropriate use or 

long-term administration can lead to liver injury. 

This issue is particularly concerning, as drug 

induced liver injury (DILI) remains a leading 

https://www.ijpsjournal.com/
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cause of acute liver failure worldwide. The 

hepatotoxicity of analgesics varies widely among 

drug classes and is influenced by factors such as 

dosage, duration of use, individual patient 

characteristics, and drug metabolism pathways. 

Acetaminophen (paracetamol), for example, is the 

most commonly implicated analgesic in DILI, 

accounting for nearly 50% of all acute liver failure 

cases in some regions. Its hepatotoxicity arises 

primarily from overdose, which leads to the 

formation of a toxic metabolite, N-acetyl-p-

benzoquinone imine (NAPQI). Non-steroidal anti-

inflammatory drugs (NSAIDs), on the other hand, 

are associated with idiosyncratic liver injury, 

where damage occurs unpredictably and without 

clear dose dependence. Opioids, although less 

commonly linked to direct liver toxicity, may 

contribute to hepatotoxicity indirectly due to 

prolonged use or in patients with pre-existing liver 

conditions. COX-2 inhibitors, a subclass of 

NSAIDs, offer an improved safety profile but are 

not entirely devoid of hepatic risks. 

Given the increasing global use of analgesics, 

understanding their comparative hepatotoxic 

effects is of paramount importance. This review 

critically examines the mechanisms, clinical 

manifestations, risk factors, and prevention 

strategies associated with the hepatotoxicity of 

commonly used analgesics. Furthermore, it 

highlights research gaps and underscores the need 

for patient-specific approaches to pain 

management to minimize risks to liver health. 

Overview of Analgesics 

Analgesics are one of the most widely used classes 

of drugs in modern medicine, providing relief from 

pain, inflammation, and fever. These drugs cater to 

a diverse range of pain conditions, from mild 

headaches to severe post-operative or chronic 

pain. However, their use is not without risks, 

especially concerning their potential impact on 

liver health. Below is an expanded discussion of 

their classification and mechanisms of action. 

Classification of Analgesics 

Analgesics can be broadly categorized into four 

main groups, based on their mechanisms of action 

and therapeutic applications: 

1. Non-Steroidal Anti-Inflammatory Drugs 

(NSAIDs) 

NSAIDs are among the most commonly used 

analgesics, particularly effective in treating 

inflammatory pain. They work by inhibiting 

cyclooxygenase (COX) enzymes, which play a 

crucial role in the synthesis of prostaglandins – 

substances that mediate pain, inflammation, and 

fever. 

• Examples: 

o Ibuprofen: Commonly used for headaches, 

arthritis, and menstrual pain. 

o Aspirin: Effective for pain relief and used in 

low doses for its cardiovascular benefits. 

o Naproxen: Frequently prescribed for 

conditions like osteoarthritis and tendinitis. 

• Uses: NSAIDs are widely used for mild to 

moderate pain caused by inflammation, such 

as rheumatoid arthritis, muscle strains, and 

sprains. 

• Risks: Although generally safe for short-term 

use, prolonged or high-dose use of NSAIDs 

can lead to gastrointestinal irritation, kidney 

damage, and, in some cases, idiosyncratic 

liver injury. 

2. Acetaminophen (Paracetamol) 

Acetaminophen is one of the most widely 

available over-the-counter analgesics, known for 

its efficacy in reducing pain and fever. Unlike 

NSAIDs, it lacks significant anti-inflammatory 

properties. 

• Examples: 

o Tylenol 
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o Panadol 

• Uses: Acetaminophen is used for mild to 

moderate pain, such as headaches, toothaches, 

and fever management. 

• Risks: While safe at therapeutic doses, 

acetaminophen overdose is the leading cause 

of acute liver failure worldwide. This is due to 

the accumulation of N-acetyl-p-benzoquinone 

imine (NAPQI), a toxic metabolite formed 

during its metabolism. 

3. Opioids 

Opioids are powerful pain-relieving drugs that act 

on the central nervous system (CNS) by binding to 

opioid receptors, altering the perception of pain. 

• Examples: 

o Morphine: Commonly used for severe acute 

or chronic pain, such as cancer pain. 

o Fentanyl: A potent synthetic opioid used in 

surgical anesthesia and severe pain cases. 

o Tramadol: A milder opioid often used for 

moderate pain. 

• Uses: Primarily prescribed for moderate to 

severe pain, including post-operative pain, 

injury-related pain, and chronic pain 

conditions. 

• Risks: Opioids carry a high risk of 

dependency and addiction. They are less 

likely to cause direct liver injury but can 

exacerbate liver issues in patients with pre-

existing liver disease or in cases of prolonged 

use. 

4. COX-2 Inhibitors 

COX-2 inhibitors are a subclass of NSAIDs 

specifically designed to selectively inhibit the 

COX-2 enzyme, which is primarily responsible for 

inflammation and pain. 

• Examples: 

o Celecoxib (Celebrex) 

o Etoricoxib 

• Uses: Used for inflammatory conditions like 

osteoarthritis and rheumatoid arthritis with 

reduced gastrointestinal side effects compared 

to traditional NSAIDs. 

• Risks: COX-2 inhibitors are considered safer 

for the liver than traditional NSAIDs but still 

carry risks, particularly with long-term use. 

Mechanisms of Action 

The effectiveness of analgesics in pain 

management lies in their ability to target and 

modulate pain pathways in the body. However, 

their metabolism often involves the liver, which is 

crucial for drug processing and detoxification. 

This reliance on liver metabolism makes 

hepatotoxicity a critical concern for many 

analgesics. 

1. Inhibition of Pain Pathways 

• NSAIDs: Inhibit COX enzymes, reducing 

prostaglandin production, which decreases 

inflammation and pain. 

• Acetaminophen: Its mechanism of action is 

less understood but primarily involves 

inhibition of COX enzymes in the central 

nervous system, reducing pain perception and 

fever. 

• Opioids: Act on opioid receptors in the brain 

and spinal cord, altering pain perception and 

emotional responses to pain. 

2. Role of Liver Metabolism 

Most analgesics undergo significant metabolism in 

the liver, where enzymes such as cytochrome P450 

play a critical role. However, this process can 

produce toxic metabolites: 

• Acetaminophen: Produces NAPQI, a highly 

reactive and toxic metabolite, which can cause 

hepatocellular damage if not adequately 

detoxified by glutathione. 

• NSAIDs: Some, like diclofenac, undergo 

hepatic metabolism, leading to reactive 
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intermediates that may cause idiosyncratic 

liver injury. 

• Opioids: Although less hepatotoxic, 

prolonged use or high doses may stress the 

liver, especially in individuals with pre-

existing liver conditions. 

Understanding Hepatotoxicity 

Hepatotoxicity refers to liver damage caused by 

exposure to chemicals, drugs, or other substances 

that disrupt normal liver function. As the liver is 

the primary organ responsible for detoxifying 

foreign substances, it is particularly vulnerable to 

injury from medications, including analgesics. 

Understanding the mechanisms of hepatotoxicity, 

along with its symptoms and diagnostic 

approaches, is critical for timely intervention and 

prevention of severe outcomes, such as acute liver 

failure. 

Pathophysiology of Liver Damage 

The liver metabolizes most drugs through a series 

of enzymatic pathways designed to transform 

lipophilic (fat-soluble) substances into hydrophilic 

(water-soluble) compounds that can be excreted 

via urine or bile. One of the most important 

enzymatic systems involved in drug metabolism is 

the cytochrome P450 (CYP450) family of 

enzymes, located predominantly in liver cells 

(hepatocytes). While these pathways are generally 

protective, certain circumstances can lead to 

hepatotoxicity: 

1. Formation of Toxic Intermediates: 

o Some drugs are metabolized into reactive 

metabolites, which can bind to cellular 

macromolecules, such as proteins and DNA, 

resulting in structural and functional damage. 

o For example, acetaminophen overdose leads to 

the accumulation of N-acetyl-p-benzoquinone 

imine (NAPQI), a highly toxic metabolite that 

depletes glutathione reserves and causes 

oxidative stress. 

2. Oxidative Stress: 

o The excessive production of reactive oxygen 

species (ROS) during drug metabolism can 

overwhelm the liver's natural antioxidant 

defenses, damaging lipids, proteins, and DNA 

within hepatocytes. 

o This damage can result in mitochondrial 

dysfunction and cell death. 

3. Immune-Mediated Injury: 

o Some drugs trigger immune responses that 

attack liver cells. This is particularly relevant 

for idiosyncratic drug-induced liver injury 

(IDILI), as seen with certain NSAIDs like 

diclofenac. 

o These immune reactions are often 

unpredictable and not dose-dependent. 

 

4. Cellular Necrosis and Apoptosis: 

o When the liver's detoxification capacity is 

exceeded, hepatocytes undergo necrosis 

(uncontrolled cell death) or apoptosis 

(programmed cell death), leading to a loss of 

liver function. 

These pathological changes result in varying 

degrees of liver injury, ranging from mild 

elevations in liver enzymes to severe conditions 

like acute liver failure or chronic liver disease. 

Symptoms and Diagnosis 

Symptoms of Hepatotoxicity 

Liver damage caused by drugs can present with a 

wide range of clinical symptoms, which may vary 

depending on the severity and underlying cause of 

the injury. Common symptoms include: 

1. Early Symptoms (Subclinical or Mild 

Injury): 

o Fatigue or malaise 
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o Loss of appetite (anorexia) 

o Nausea and vomiting 

o Mild abdominal discomfort or pain, especially 

in the upper right quadrant 

2. Progressive or Severe Symptoms: 

o Jaundice: Yellowing of the skin and eyes 

caused by elevated bilirubin levels. 

o Dark Urine: Indicative of increased bilirubin 

excretion. 

o Pale Stool: A result of impaired bile flow 

(cholestasis). 

o Pruritus: Generalized itching due to bile salt 

accumulation. 

o Abdominal Pain: Often localized to the right 

upper quadrant due to liver inflammation or 

enlargement. 

o Fatigue and Confusion: Associated with 

hepatic encephalopathy in advanced cases of 

liver dysfunction. 

Diagnosis of Hepatotoxicity 

Early detection of drug-induced liver injury (DILI) 

is critical to prevent progression to severe liver 

damage. Diagnostic approaches typically involve 

a combination of clinical history, laboratory tests, 

and imaging studies: 

1. Clinical History and Medication Review: 

o A thorough review of recent medication use, 

including over-the-counter drugs and herbal 

supplements, is essential to identify potential 

culprits. 

o Risk factors such as high doses, alcohol 

consumption, or pre-existing liver disease 

should also be assessed. 

2. Laboratory Tests: 

o Liver Enzymes: Elevated levels of alanine 

aminotransferase (ALT) and aspartate 

aminotransferase (AST) indicate 

hepatocellular injury. 

A disproportionate rise in alkaline 

phosphatase (ALP) suggests cholestatic 

injury. 

o Bilirubin: Increased bilirubin levels reflect 

impaired liver function or bile excretion. 

o Prothrombin Time (PT): Prolongation of PT 

indicates reduced liver synthesis of clotting 

factors, a marker of severe injury. 

3. Imaging Studies: 

o Ultrasound: Used to assess liver size, detect 

fatty changes, or rule out structural 

abnormalities like gallstones. 

o CT/MRI: May provide detailed imaging for 

diagnosing chronic liver disease or space-

occupying lesions. 

4. Liver Biopsy: 

o In cases of unclear diagnosis, a liver biopsy 

may be performed to assess histological 

changes indicative of drug-induced liver 

injury. 

Differential Diagnosis: 

To confirm hepatotoxicity, it is important to rule 

out other potential causes of liver damage, such as 

viral hepatitis, autoimmune liver disease, alcoholic 

liver disease, or metabolic disorders. 

Comparative Hepatotoxic Effects of Analgesics 

Different classes of analgesics have varying 

degrees of hepatotoxic potential, influenced by 

their mechanisms of action, metabolism, and 

patient-specific factors such as underlying liver 

health and dosage. Below is a detailed examination 

of the comparative hepatotoxicity of key analgesic 

groups. 

1. Acetaminophen (Paracetamol) 

Acetaminophen is one of the most commonly used 

analgesics for its efficacy in treating pain and 
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fever, but it is also the leading cause of acute liver 

failure globally. Its hepatotoxicity is dose-

dependent and is primarily associated with 

overdose, either intentional or unintentional. 

Mechanism of Hepatotoxicity 

• Acetaminophen is primarily metabolized in 

the liver through glucuronidation and 

sulfation pathways, which produce non-toxic 

metabolites. 

• A small fraction of acetaminophen undergoes 

oxidation via cytochrome P450 enzymes 

(mainly CYP2E1) to produce N-acetyl-p-

benzoquinone imine (NAPQI), a highly 

reactive and toxic intermediate. 

• At therapeutic doses, NAPQI is detoxified by 

conjugation with glutathione. However, in 

overdose situations, glutathione stores are 

depleted, leading to the accumulation of 

NAPQI, which binds to hepatocyte proteins 

and causes oxidative stress, mitochondrial 

dysfunction, and necrosis of liver cells. 

Clinical Features of Hepatotoxicity 

• Symptoms: Nausea, vomiting, jaundice, 

abdominal pain, and confusion (in severe 

cases). 

• Timeline: Symptoms typically emerge within 

24-72 hours of overdose. 

Epidemiological Impact 

• Acetaminophen accounts for nearly 50% of all 

acute liver failure cases in the United States 

and many other regions. 

2. Non-Steroidal Anti-Inflammatory Drugs 

(NSAIDs) 

NSAIDs are widely used for their anti-

inflammatory, analgesic, and antipyretic 

properties. While hepatotoxicity is rare with 

NSAIDs, some drugs in this class can cause 

idiosyncratic liver injury that is unpredictable and 

not dose-dependent. 

Mechanism of Hepatotoxicity 

• The hepatotoxic effects of NSAIDs are 

thought to be immune-mediated or due to the 

formation of reactive intermediates during 

hepatic metabolism. 

• Drugs like diclofenac are metabolized to 

protein-reactive metabolites, which can lead 

to direct cytotoxicity or trigger an immune 

response against hepatocytes. 

Clinical Features of Hepatotoxicity 

• Symptoms: Fatigue, jaundice, abdominal 

pain, or asymptomatic elevation of liver 

enzymes. 

• Risk Factors: Concomitant alcohol use, 

advanced age, and pre-existing liver disease. 

Incidence 

• Idiosyncratic liver injury from NSAIDs 

occurs in approximately 1-10 cases per 

100,000 users. Diclofenac and sulindac are the 

most commonly implicated NSAIDs in 

hepatotoxicity. 

3. Opioids 

Opioids, widely used for managing moderate to 

severe pain, have a relatively low risk of direct 

hepatotoxicity. However, their use can indirectly 

exacerbate liver conditions in specific scenarios. 

Mechanism of Hepatotoxicity 

• Opioids are metabolized in the liver through 

processes involving glucuronidation (e.g., 

morphine) or oxidation (e.g., oxycodone). 

While this metabolism rarely leads to toxic 
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byproducts, prolonged opioid use can cause 

secondary liver damage due to: 

o Constipation and Gut Microbiota 

Changes: Leading to endotoxemia, which 

may exacerbate liver inflammation. 

o Hypoxia: Induced by opioid-related 

respiratory depression, potentially 

aggravating liver injury in patients with pre-

existing conditions. 

• In cases of combination drugs (e.g., 

acetaminophen with hydrocodone), the 

hepatotoxicity of acetaminophen becomes a 

major concern, particularly with overuse. 

Clinical Features of Hepatotoxicity 

• Indirect effects such as worsening of existing 

liver diseases (e.g., cirrhosis or hepatitis). 

• Rare direct liver injury, with elevated liver 

enzymes observed in some cases. 

Risk Profile 

• Patients with chronic liver diseases, such as 

hepatitis C or alcohol-related liver damage, 

are at higher risk of opioid-related 

hepatotoxicity. 

4. COX-2 Inhibitors 

COX-2 inhibitors, such as celecoxib and 

etoricoxib, were developed to reduce the 

gastrointestinal side effects associated with 

traditional NSAIDs. These drugs selectively 

inhibit the COX-2 enzyme while sparing COX-1, 

which is involved in maintaining gastric mucosa 

and other protective functions. 

Mechanism of Hepatotoxicity 

• COX-2 inhibitors are considered safer for the 

liver than traditional NSAIDs, as they exhibit 

a lower risk of reactive metabolite formation 

and immune-mediated liver injury. 

• However, long-term use may still lead to mild 

elevations in liver enzymes or rare 

idiosyncratic reactions in susceptible 

individuals. 

Clinical Features of Hepatotoxicity 

• Symptoms: Typically, asymptomatic mild 

elevations in liver enzymes. Rarely, jaundice 

or fatigue may occur. 

• Risk Factors: Prolonged use, high doses, or 

underlying liver disease. 

Safety Profile 

• COX-2 inhibitors are generally well-tolerated 

in patients with mild liver dysfunction but 

should be used cautiously in those with 

significant hepatic impairment. 

Factors Influencing Hepatotoxicity 

• Dosage and Duration: High doses and 

prolonged use significantly increase the risk 

of hepatotoxicity. 

• Patient-Specific Factors: Age, pre-existing 

liver conditions, and genetic differences in 

drug metabolism play critical roles. 

• Drug Interactions: Concurrent use of 

multiple hepatotoxic drugs or alcohol can 

magnify liver damage. 

Prevention and Management 

• Safe Usage Guidelines: Adhering to 

recommended doses and seeking medical 

advice for chronic use are essential. 

• Early Detection and Intervention: Regular 

liver function tests (LFTs) can detect early 

signs of damage. Treatments like N-

acetylcysteine are effective for 

acetaminophen toxicity if administered 

promptly. 
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• Alternatives to Conventional Analgesics: 

Non-pharmacological options such as 

physiotherapy, acupuncture, and mindfulness 

techniques can help reduce dependence on 

analgesics. 

• Research Gaps and Future Directions: 

Long-term studies are needed to fully 

understand the hepatotoxic potential of newer 

analgesics. Research into genetic factors and 

personalized medicine may offer safer 

alternatives. 

CONCLUSION 

The hepatotoxicity of analgesics varies 

significantly across classes, with acetaminophen 

posing the highest risk. By adhering to safe 

practices and monitoring liver health, the risks can 

be minimized. A balanced approach, considering 

both efficacy and safety, is vital for effective pain 

management. 
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